Abstract : This model portrays steady, wind-driven flow applicable to the interior region of a beta-plane ocean in which density varies continuously with depth. Under the assumption of steady flow in an incompressible fluid, the vector velocity can be determined from a vector potential. Moreover, the velocity is expressed as the vector product of the density gradient with the gradient of an undetermined potential function,an assumption which automatically satisfies continuity and the energy relation that potential density be conserved along stream lines (in the absence of mixing). A similarity hypothesis regarding the dependence of the horizontal variation in potential density and the potential function are introduced and discussed. Boundary conditions appropriate to a baroclinic mode in a deep ocean are introduced. The resulting mathematical problem is highly nonlinear, and we have had little success in obtaining solutions for the three-dimensionalvelocity field. The results obtained to date and the problems encountered, however, may provide some insight into physical restrictions imposed by the introduction of such similarity hypotheses into the general circulation problem.
I. Introduction
In the well-known model of SVERDRUP describing steady, wind-driven circulation in the interior of an ocean, the approach of vertically integrating the momentum conservation relations from the free surface to some great depth was used. This leads to a relation between distributions of horizontal mass transport and applied wind stress. However, vertical integration negates all possibility of describing the internal velocity field and, consequently, of gaining insight into relations between the density and velocity distributions. Such models provide first approximations to relations involving the internal velocity field.
Of considerable
interest is the study of steady, wind-driven circulation for an oceanic interior with a general, arbitrary density profile. Highly desirable would be the attainment of solutions for the three velocity components in such a general interior model. The formulation of such models in terms of basic equations is easy; obtaining solutions is not.
In recent years there have appeared in the literature many mathematical models for the thermohaline circulation in an idealized oceanic interior.
Essentially these papers constitute extensions and/or refinements of the formulation by ROBINSON and STOMMEL (1959) and STOMMEL and WEBSTER (1962) . Despite mathematical difficulties, each of these studies resulted in limited or approximate solutions to a set of equations modeling the thermocline. Most such models utilize some form of similarity hypothesis regarding the distribution of certain variables at any two distinct depths and thereby threat the depth dependence parametrically when considering the horizontal distributions of dependent variables.
In the present paper we formulate the steady, wind-driven, baroclinic, interior circulation for an arbitrary density profile and three-dimensional motion.
As with the thermohaline models, we introduce a hypothesis regarding the similarity in depth dependence of the density field and certain aspects of the velocity field.
The present model differs significantly from thermohaline models in that no mixing is allowed. 
The Pressure field
The hydrostatic approximation ( 11-3) may be vertically integrated to obtain where poC(x, y) is a function of horizontal position introduced on integration to represent the pressure at z=0.
We can obtain an approximation to C(x, y) by evaluating (1[1-9) We are now in a position to express the model completely in terms of the new functions introduced by the similarity hypothesis, equations (III-2) and (III-3).
The boundary conditions (II-6a) and (II-7) have already been reformulated and are automatically satisfied by the similarity hypothesis under the restrictions (III-4) and (III-8), respectively.
Using (III-7') and (III-6), the surface stress conditions (II-6b) can be written : There seems to be no advantage to be gained from writing the full unintegrated momentum conservation equations (II-8) in the forms determined by the similarity hypothesis. We formulate rather the vertically integrated momentum conservation equations, This simply states that in a horizontal plane isolines of h2 are everywhere tangent to the surface stress vector.
Cross-differentiation of equation (IV-1) after division by f gives the vertically integrated vorticity equation, Since g, B and N2 are constants and since f, their derivatives are assumed specified, the foregoing equation can be integrated. to obtain h to within a function of integration depending at most on y. Depending upon the form of the surface wind stress, it may be possible to determine the y-dependence of this function of integration through the use of condition (IV-4) arising from the surface boundary condition. It should be emphasized, however, that there remains still another degree of arbitrariness in such a solution for h2; the constant is not known unless explict forms for m(x, y) and G(mz) are specified or can be determined.
An alternate form of the vertically integrated vorticity equation is obtained by cross-differentiating (IV-1) directly: (2) Application to a particular density distribution with mixed surface layer of uniform density
We consider now the case of a well-mixed surface layer which is horizontally uniform in density.
Applying the present model to the density distribution assumed in a familiar study by REID (1948), we shall establish a relation between our model and previously published approaches to the interior oceanic region.
Suppose the depth of the mixed layer is given by h(x, y) . As in the special case of uniform surface density discussed previously, these boundary conditions yield a restrictive relation. Namely, if equations (IV-11) are to have solutions for q and r, then
Thus, as shown in Fig. 3 , the surface boundary conditions imply that isolines of surface density must be everywhere tangent to the local wind stress vector. The associated requirement (III-13) that the horizontal pressure gradient vanish at great depth, and thus throughout the lower layer in the present case, is
We now consider, as did FREEMAN (1954) , the steady currents in this model due to the horizontal distribution of density in the upper layer. Following FREEMAN we will consider such density distribution due to wind mixing and designate the resulting currents as wind mixing currents.
To obtain relations between the wind mixing currents and the density distribution, we take Freeman's assumptions of:
( 1 ) no gradient currents due to sea surface slope, ( 2 ) uniform sea-level atmospheric pressure, ( 3 ) no surface wind stress, and ( 4 ) vertical turbulent exchange of hori-zontal momentum neglected.
Under assumptions (1) and (2) 
